A one-year survey was conducted on a small artificial pond to determine environmental relationships of planktonic protozoa to physical and inorganic chemical factors. Collections were made at 9:00 A. M., Eastern Standard Time, every other day. Planktonic samples were taken from the surface and bottom, and sunlight intensity and temperature were measured.
INTRODUCTION
Weekly collections from a small body of water, such as a pond, provide a general picture of its ecology. IIowevcr, since sudden changes can and do occur in ponds within a week, more frequent sampling may yield critical information on the interrelations of organisms and environmental factors.
This paper reports a one-year survey conductcd on a small artificial pond to dcterminc environmental relationships of planktonic protozoa to certain physical and inorganic chemical factors known to be fundamental in protozoan met,abolism.
1 Adapted from a thesis in zoology submitted to the Graduate School of the University of Pennsylvania in partial fulfillment of the degree of L)octor of Philosophy.
2 Present address: L)epartment of Zoology, Newcomb College,This survey was conducted on the small artificial pond in the Botany Gardens at the TJnivcrsity of Pennsylvania.
The oval pond measures 37 by 18 meters, has a surface area of about 450 square meters, and a volume of about 240 cubic meters. The greatest depth (at the center) is just over a meter, while the average depth is between 40 and 60 centimctcrs. Rainfall cannot maintain the water level, and consequently 398 the pond is fed from time to time from the Philadelphia water supply.
From spring to autumn iris and other plants adorned the borders, and a luxuriant growth of pond lilies covered the surface. A moderate growth of Chara constituted the principal submerged vegetation.
The bottom was covered by a large amount of decaying vegetation, primarily lcaves from nearby trees.
The sparse non-flagellated phytoplankton included Oscillatoria, Spirogyra, Scenedesmus, and diatoms. The latter exhibited a population surge in late spring.
Protozoa, predominantly green flagellates, constituted the bulk of the plankton.
Rotifers appeared in large numbers in May and remained in moderate numbers throughout summer and autumn.
Gastrotrichs, nematodes, oligochaetes, and copepods were few and infrequent.
About 200 goldfish, some frogs, and turtles, constituted the vertebrate fauna.
This pond had previously been surveyed by Wang (1928) , who found a moderate flagellate and rich ciliate population.
The pond was partially cleared in 1933, but, since then it has filled in considerably with organic debris, and the flagellate population has increased while the ciliate population has decreased.
METHODS

Collections
Collections were made at 9 : 00 A.M., Eastern Standard Time, every other day from October 9, '1955 ' , to October 9, 1956 at a rock-bordered projcction on the northwest side of the pond.
Surface collections were made by lowering . . . a pmt Jar Just below the water surface. Collections of plankton ,just above the bottom were made by an instrument modified from Noland's (1925) apparatus.
A threefoot brass rod was attached by a universal joint to a perforated square plastic plate. An eighth-inch hollow plastic tube, closed at the lower end, was attached to the rod in a parallel position so that the lower end of the tube was one inch above the bott,om surface of the plate. Lateral holes in the tube allowed water to enter. The open end of the tube was connected by rubber tubing through a two-hole rubber stopper that fitted into a pint jar. A tube passed through the, other hole into the collector's mouth so that suction could be applied to draw pond water into the jar.
A Weston illumination meter, model 756, specially built and calibrated by the manufacturer for a ten-foot waterproof cable between the (waterproofed) photoelectric cell and meter, was used to measure sunlight intensity.
The photoelectric cell was attached to the plate of the collection instrument.
Readings were made at the surface of the pond, beneath the ice, and at the bottom.
Water samples for chemical analysis were collected in jars, and those for dissolved oxygen determination in glass-stoppered bottles. Sunlight intensity, air and water temperatures, pond level, and notes on the weather and pond were recorded at the time of collection, Biological analysis Jars containing samples for biological analysis were shaken. Ten cc were then removed for bacteriological counts, which were performed microscopically, using a Levy counting chamber (hemocytometer).
The plankton in the remaining water was concentrated by filtration in SedgwickRafter furmels (Whipplc 1927). All filtmtion was carried out in a cold room (kept at 14OC), and concentrates were stored there until examined. For samples taken in wintcr, ice was placed in jackets around the funnels, and organisms were stored in a refrigerator prior to examination.
These precautions delayed dcgencration due to higher temperatures.
Organisms were examined in a SedgwickRafter counting cell. The concentrate was introduced into the cell slowly by a widemouthed pipette. Rotifers and ciliates, because of their sensitivity to heat under the microscope, wcrc counted first, flagellates afterward.
The cell was first examined ulldcr a dissecting microscope and all the large forms counted. Under the compound microscope, bctwecn 70 and 100 fields in the ccl1 wcrc counted. A., 1955, pp. 116-118) , using reagents manufactured by the W. II. and L. D. Bctz Company, l~hiladelphia, Pa. The indicator and buffer reagents employed were in powdered form, and hence not subject to deterioration, otherwise the method was the same as A. P. I-1. A. Magnesium hardness was found by subtracting calcium from total.
Carbon dioxide was found from a graph (Bctx 1955) showing the relationship of carbon dioxide, alkalinity, and pII. Turbidity measurements were read on a Klett-Summerson colorimcter (using a blue filter) and compared to a diatomaceous earth solution which had been st,andardixcd in a Jackson candle turbidimetcr.
Presentation oj data Graphs were constructed for all physicochemical factors measured and for dominant organisms and groups of organisms. The most significant graphs are presented in this paper. Ii'ifteen-point moving averages were computed for data on sunlight intensity, temperature, daily length of sunlight, and for major groups of organisms. Graphs are compared with each other and with those in the literature to seek relationships between environmental factors and organisms.
Three other sets of observations on this pond arc utilized in this paper: (1) Wang's survey (1928); (2) the writer's six-month survey, October 15, 1953 to April 15, 1954 (unpublished master's thesis); and (3) author's series of weekly observations, October 9, 1.956 to February 2, 1957. In the presentation of data, results are given, followed by discussion, for each physical and chemical factor and group of organisms.
RESULTS
Validity of counting technique
The precautions in using the SedgwickRafter counting cell, outlined earlier (under biological analysis), were based on the author's experience and suggestions by Serfling (1949) , who showed that SedgwickRafter counts tend to deviate from a Poisson distribution when numbers are low. Because most counting of organisms was done on living material, the x2 index of dispersion was calculated for some of the data to ascertain whether the distribution of organisms in the counting cell differed from the cxpccted Poisson distribution.
Examples of these calculations are presented in Table 1 .
The distribution of single-celled organisms and Dinobryon agreed well with a Poisson distribution.
To ascertain how well counts agreed for each organism, the x2 and degrees of freedom wcrc totaled from groups of ten and the normal deviate calculated by the formula presented by Yule and Kendall (1950, p. 665 tended to aggregate in the counting chamber. The normal deviates for groups of ten for Synura and Gonium were 4.33 and 5.31, respectively, which are considerably grcatcr than the 1.96 limit for statistical red liability.
Hence, such forms are better counted in the fixed condition.
The reliability of the counting procedures employed in this survey satisfy the conditions set forth in Kutkuhn's (1958, pp. 77, 80, 81) analysis.
Many of the population curves showed extreme fluctuations.
To distinguish bctwccn counting errors aild real changes, 95 % confidence intervals were calculated for several organisms by doubling the square root of each count and plotting this value as the error for each count. An example is presented in Figure 1 for Chlamydomonas incerta. These confidence intervals were typical of those of other species and give some idea of the reliability of the determinations.
Fortnightly samples
To determine whether samples from a single station adequately reflected the pond's population, fortnightly surveys were made at four other points around the pond's periphery. Table 2 summarizes the data for dominant organisms. Marked fluctuations sometimes occurred at the north end, more frequently at the south end. These areas are very shallow and support dense growths of Spirogyra in winter.
In general, sampling at one station in this pond reflects the general biota most of the time; although the diffcrcnce bctwecn the numbers at any two sampling stations may be greater than the limits of the counting errors (95% confidence intervals).
Sampling of the chemical environment at various places in the pond showed greater homogcncity than the biotic. urcment of daily pcriodicity lay outside the scope of this project, but a 48-hour survey was carried out April 22-23, 1955 , to see how representative of maximal values the 9: 00 A. M. collections were. The maximum values for temperature, pH, and dissolved oxygen occurred in midafternoon and the minimum in early morning.
For ammonia the maximum occurred in early morning and the minimum near noon, nitrate increased slightly at night, and phosphate and chloride showed slight and irregular changes. Nitrite was barely detectable.
The data for temperature, pH, dissolved oxygen, and ammonia arc shown in Figure 2 .
Mcasuremcnts made at 9:00 A. M. for temperature, pH, and dissolved oxygen arc low because these factors reach their maximum later in the day. Ammonia readings arc a1so low, but for the opposite reason.
The daily values arc comparable in the sense that they wcrc taken at 9 : 00 A. M. each day. However, due to changing day lengths, the values are not strictly related.
The physico-chemical environment Generally speaking, the physical and chemical factors followed one of two trends. The tcmpcrature curve showed a trough in winter and a peak in summer, the latter period characterized by high quantities of ammonia, phosphate, and carbon dioxide. Dissolved oxygen, nitrate, and pH followed a different trend, being highest in winter and spring.
The diff crcncc between the temperature of the water and that of the air ranged from two to five degrees C. The 9:00 A. M. air tempcraturc averaged three to four degrees above the daily mean (computed from U. S. Weather Bureau records), so that the data on water temperature shown in Figure  : 3 probably avcragc a dcgrcc or two above the daily mean. A summary of sunlight intensity at 9:00 A. M. is presented in Figure 3 . The "maximum possible" curve A was drawn connecting points of those days of greatest sunlight intensity.
On some cloudy days which yielded low intensity readings, the sun would come out later in the day, and somctimes the converse would happen on bright clear days (i.e., clouding over). These two deviations tended to cancel each other, since the curve B of average readings parallels that of per cent possible hours of sunlight, computed from U. S. Weather Bureau records. About 1000 foot-candles should be added to winter readings of curve A and about 2500 foot-candles to summer readings to obtain the maximum sunlight intensity, which occurs between noon and 3:00 P. M.
pH ranged from 5.9 to 8.8. Fluctuations in the pH graph often coincided with fluctuations of dissolved oxygen, and the two fac- tors followed the same trend throughout the year. From December to May the water was supersaturated with oxygen. The large content in winter was due in part to the ice sheet, which prevented diffusion into the air. The maintenance of supersaturation after January was due to photosynthetic activities of the phytoplankton: peaks in the dissolved oxygen graph coincided with those of the plankton, and the drop in late March parallclcd a drop in the plankton population.
Organic nitrogen was not determined. Ammonia, nitrite, and nitrate nitrogen are reported as ppm of nitrogen.
Study of Figure 4 shows that almost all of the inorganic nitrogen was represented by ammania . Water in the city supply, which is piped into this pond from time to time, contained twice as much nitrate as was found in the pond, but was practically devoid of nitrite or ammonia. This amount of nitrate (0.02 to 0.03 ppm of nitrogen) is inadequate to supply more than a small fraction of the ammonia present in the pond. Increases in ammonia production must be due to the conversion of organic compounds into ammonia . Nitrite was between 0.0005 and 0.001 ppm nitrogen throughout most of the SUTvey, but in summer exhibited sudden surges which subsided as quickly as they appeared (Fig. 4. ) These bursts occurred when the oxygen content was almost exhausted and usually coincided with increases in ammonia. These data agree with Mortimer's (1941) findings that the main source of nitrite in freshwater bodies is through reduction of nitrate, not oxidation of ammonia. This is particularly true when oxygen falls below two ppm.
Nitrate was most abundant in December and early January.
Phosphate, reported here as the radical, averaged less than 0.01 ppm from autumn to spring, but increased threefold during May and exhibited a number of sharp fluctuations through the summer (Fig. 4) . These fluctuations coincided with fluctuations in turbidity, and to some degree with fluctuations in ammonia.
Hardness measures calcium and magnesium ions, and also gives an approximate indication of bicarbonate carbon dioxide. The calcium hardness increased to 110 ppm in winter but declined rapidly in February to 50 ppm coincident with the winter increase in phytomonad population, remained low during spring (a period of phytoplankton increase), and rose again in *July. The period of low values may reflect photosynthetic activity, because chlorophyll-bcaring organisms remove free carbon dioxide from the water, thereby upsetting the bicarbonate equilibrium.
Under these conditions, the bicarbonate decomposes to form water, carbon dioxide, and carbonate, which precipitates; hence the bicarbonate content of the water is diminished (Ruttncr 1953) .
The magnesium hardness remained high (80 ppm) during the winter phytomonad surge and declined (to 40 ppm) in late May, after the spring phytoplankton surge declined (Fig. 8) . Comparison with othcl graphs revealed no relationships, except a period of great fluctuation in April, during the spring phytomonad increase.
Chloride in this pond showed the same trend as chloride in the city water supply, which generally followed the trend of sunlight and temperature.
Daily fluctuations were slight, and chloride ranged between two ppm in winter and '10 ppm in summer. The greater concentration in summer reflects more frcqucnt filling of the pond from the city supply.
Turbidity averaged 30 ppm in the autumn and winter, and ranged between 50 and 130 ppm in spring and summer. The large phytoplankton population in late winter and spring increased turbidity, as did heavy rainfalls, but in general, fluctuations in turbidity coincided with or just preceded those in phosphate, and to a lesser extent, those of bacteria. Turbidity is caused by the presence of plankton (including bacteria) and detritus.
The twofold increase in summer, despite low plankton numbers (compared with spring), indicated a large amount of detritus in the water. The accompanying phosphate increases suggest decomposition processes which produced the detritus. Bacteria Bacteria (Ii'ig. 5) were numerous in October, during the period of high ammonia concentration, and in February, following the January population of Dinobryon sertularia. The low numbers in May and the summer may reflect predation by rotifers and ciliates, since most, of the species observed feed on bacteria and detritus. These observations agree with Hammann's (1952) deduction that the numbers of bacteria do not necessarily parallel the degree of organic pollution.
Phytoplankton
The principal groups of the plankton arc discussed in the order they appeared in the survey. Both surface and bottom planktonic samples were collected. For most organisms, the difference between the two populations was little greater than the counting errors (95 % confidcncc interval). However three species-S?yxura uvella, Dinobryon sertularia, and Gonium pectora<le-showed significant diffcrenccs bctwcen surface and bottom populations.
These differences are noted below.
Cryptomonads were reprcsentcd by Cryptomonas compressa and C. erosa. They appeared at the start and finish of periods of decomposition : in November, middle of May, and middle of June (Figs. 5 and 9). In the author's winter survey of 1953-54, the genus appeared in November. These appearances suggest that environments with a moderate abundance of organic nutrients but low ammonia concentration influence the organisms' distribution.
This agrees with other workers' (e.g., Pascher 1926, Lund 1942) observations in nature, and Provasoli and Pintner's (1953) findings that Cryptomonas requires growth factors but exhibits a low osmotic tolerance.
Three species of chrysomonads furnished the dominant population in early winter: Sphaleromantis ochracea, Synura uvella, and Dinobryon sertularia.
Sphaleromantis was found in approximately equal numbers at both surface and bottom; it exhibited two population surges which coincided with those of Synura. Synura uvella was several times more numerous at the surface than at the bottom, and tended to appear during declines in ammonia production (Fig. 6 ).
As the second Synura and Sphaleromantis surge declined, a population of predaceous ciliates belonging to the genus Urotricha suddenly appeared, which may have prevented these chrysomonads from reappearing, since the ciliates' bodies were full of chrysomonad inclusions. Dinobryon was twice as numerous at the bottom as at the surface and showed an inverse relationship with bacteria (Fig. 6) . The sudden decline of the species coincided with a sudden rise in phosphate to 0.02 PPm.
The occurrence of Synura at the surface is not surprising, since the species is very motile and is an obligate phototroph. For Dinobryon, on the other hand, motility is decreased by a lorica. The concentration of this flagellate at the bottom under poor sunlight conditions (averaging less than 50 foot-candles) and its inverse relationship with bacteria suggest heterotrophic abilities, already suspected by some workers (e.g., Provasoli, personal communication).
The disappearance of Dinobryon at 0.02 ppm of phosphate is supported by Rodhe's (1948) observation that concentrations above 0.015 ppm of phosphate are lethal to this organism. Provasoli and Pintncr (1953) have reported that Synura exhibits low phosphate tolerances. The phytomonads were represented by two distinct appearances, one in winter dominated by Chlamydomonas incerta and Gonium pectorale, and the other in the spring consisting of Pyramimonas minima and Chlamydomonas globosa. Gcncrally spcaking the winter species fluctuated with dissolved oxygen but often invcrscly with nitrate (Fig. 7) . Chlamydomonas incerta was present in about equal numbers at both surface and bottom, but Gonium pectorale was more abundant near the bottom. The spring phytomonads-Pyramimonas minima and Chlamydomonas globosa-appcared in April when the water temperature rose 8°C (Fig. 8) . Competing populations of diatoms and Glenodinium cinctum accelerated as the phytomonads declined in May. The 'large numbers of ilagellates in April and RIITay indicated intense competition, and the dcclinc of light intensity in late April may have favored the yellowbrown organisms over the phytomonads.
The dinoflagellates were represented almost exclusively by the spccics Glenodinium cinctum. This flagellate occurred through most of the survey except June and July, with a population surge in April and early May, when the organism was succccdcd by a large population of diatoms. Apart from this survey, three other observations on Sunlight curve is a five-point moving average; other curves plot unmodified data.
Low sunlight favored GlenodiniuTn cinctum, whereas greater sunlight and increased temperatures favored diatoms.
Glenodinium cinctum have been made on this pond. In Dcccmber and January following the survey G. cinctum bccamc the dominant organism. In the author's winter survey of 1953-54 this species appeared in low numbers in December, and exhibited a population increase in late March and April before Pzyamimonas and diatoms established themselves. In Wang's (1928) survey G. cinctum showed a surge in Septcmber and October, and appeared in low numbers in January and April.
The temporal distribution of Glenodinium cinctum suggests that several factors may influence its distribution.
The disappearance of the organism in summer suggests that it camlot tolerate an environment containing high concentrations of ammonia and phosphate, but the appearance of at least a few individuals over the rest of the year suggests that the species possesses a wide tolerance to both temperature and chemical environment.
The abundance of G. cincturn in early spring and the autumn suggests that light and temperature may profoundly influence its distribution.
The numerical nsccndency of the diatoms over G. cinctum in the spring of the survey may have been due to higher temperature which favors the rate of assimilation of light and was rein-forced by the longer days. Increased light and temperature may be unfavorable for the dinoflagellate.
The other data cited for G. cinctum support this interpretation.
Diatoms, belonging principally to the genera Stephanodiscus, Tabellaria, FragiZaria, and Navicula, were present in low numbers throughout the survey and exhibitcd a population surge in April and May. As noted above, increase in temperature and sunlight intensity appear to have favored their multiplication.
The rapid decline of the diatoms in early May did not coincide with any factor except a rapid rise (0.01 to 0.02 ppm) in phosphate. Rodhc (1948) has shown that some diatoms (e.g., Asterionella) possess only a moderate phosphate tolerance. Other substances might have been present, however, since the decaying organic matter producing the phosphate also released other substances.
About two dozen species of euglcnoids, belonging mainly to the genera Euglena and Trachelomonas, comprised the summer population from June to the end of the survey. Two species dominated-Z'racheloynonas volvocina and Leptocinclis fusi~ormis -with a small population of Euglena pisciformis in June and a growing population of T. hispida in October (Fig. 9) . T. volvocina was found from spring through autumn. Population increases of the species followed increases of phosphate but decreases of the pond level. Leptocinclis succeeded 7'. volvocina and fluctuated in the same manner except that two of its surges followed rainstorms. Euglena piscijormis increased in July during a period of high ammonia concentration but, moderate phosphate concentration.
T. hispida increased in October when ammonia and phosphate were at lower concentrations, and the flagellate continued into November as the dominant organism.
I'rovasoli and Pintner (1955) have shown that Trachelomonas can tolerate one-hunched times the concentrations of ammonia and phosphate reported here. In this pond the low concentrations of phosphate might exercisc an inhibiting effect on T. volvocina and Leptocinclis.
E:. pisciformis and T. hispida, on the other hand, might be able to reprodncc at lower concentrations of phosphate.
The decayin~g organic matter in the pond producing the phosphate also produced simple organic compounds (acetate, amino acids) and vitamins.
The lowering of the pond lcvcl concentrated all substances in the water. The numerical increase of the euglcnoids during these periods, and the two Leptocinclis surges following rainstorms (mixing pcriclds) suggest that concentration and circulation of nutrients may bc an important factor. Phosphate and ammonia may set minimal survival conditions, and growth above this level may depend on the supply of other nutrients.
The continuance of T. hispida into the autumn suggests that light and temperature may influence its distribution.
Zooplankton I'lanktonic
Sarcodina were too few in numbers and too discontinuous in their distribution to attempt any comparisons other than that they were usually found in the cooler portions of the year. Most belonged to the Heliozoan species Actinophrys sol, Acanthocystis mimetica, Lithocolla globosa, and Heterophrys glabrescens.
Rotifers were prcscnt in low numbers in autumn and spring. They exhibited a population surge in May, and showed fluctuations during the summer. Four species dominated : Anuraeopsis Jssa, Brachionus calycijlorus, Afytilina trigona, and Lepndella patelka. All four possess malleate jaws and are particulate feeders. The May surge was too great to show correlations with any environmental factors and probably represents the seasonal reproductive period, but fluctuations during the summer were correlated directly with phosphate and turbidity fluctuations.
As noted earlier, the twofold incrcasc of turbidity in summer, with decreased plankton (compared to spring) indicated a large amount of detritus in the water. Hence food supply appears to bc a major factor dctcrmining the group's distribution.
The lack of phytoplankton predation by rotifers supports Riley's (1940) and I'ennak's (1946) conclusions that most zooplankton feed on bacteria and organic debris.
The majority of ciliates appeared in three population surges : a January increase of small Holophryidae belonging to the genus Urotricha, a spring increase of Phascolodon vorticella and of hypotrichs belonging to the family Oxytrichidae, and a summer increase of large Holophryidae.
These three surges reflected different nutritional habits.
land 's (1925) conclusion that the nature and amount of available food is the controlling factor.
DISCUSS ION
The January increase (Fig. 6 ) of Urotricha synuraphaga and U. globosa followed a surge of chrysomonads, the bodies of which were easily discernible in those of the ciliates.
Sampling criteria
The first spring ciliates, consisting of Oxytrichidae, appeared as the Chlamydomonas population was rapidly declining. These hypotrichs were succeeded by the gymnostome Phascolodon vorticekla, which increased when the Gonium population had greatly declined (Fig. 7) . Both groups of ciliates were about equally numerous at surface and bottom, and their bodies were full of grass-green inclusions.
The same predator-prey relationship of these ciliates was observed in the author's winter survey of 1953-54.
Sudden changes can and do occur in a body of water in short periods of time. Examples in this survey are seen in the sudden rise and fall of chemical factors, such as ammonia, nitrite, and dissolved oxygen, and the fluctuations of populations, such as those of Chlamydomonas incerta and Leptocinclis f usiformis.
These fluctuations emphasize the need of detailed studies on limited natural environments over a long period of time as a prerequisite to a better understanding of the ecological relationships of planktonic organisms. Although only a few of the many factors were measured in this survey, frequent sampling has yielded associations not revealed by more random methods.
Summer ciliates, belonging mainly to the genus Holophrya, appeared after the rise in ammonia in late Iway, and exhibited extreme fluctuations of numbers, which usually followed those of phosphate and turbidity.
Heavy rainfall sometimes drove the surface population below, but otherwise surface and bottom populations were about equal in numbers. Increases of ciliates showed little agreement with increases in sunlight.
These observations parallel the observations on rotifers, and indicate that bacteria and organic debris constitute the principal food supply. The low numbers of summer ciliates, of the free swimming type, compared with the very numerous flagellates, together with the high ammonia and phosphate concentrations indicate considerable organic decomposition, particularly when this survey is compared with Wang's (1928) survey. This suggestion has been made by Baines et al. (1953) .
This survey underscores Hammann's (1952) call for a revision of the "saprobic" system of Kolkwitz and Marsson. The disappearance of Dinobryon in an "oligosaprobic" environment due to a slight increase in phosphate, and the appearance of Cryptomonas in June in a "mesosaprobic" environment (during a period of low ammonia concentration), call for a more precise definition of protozoan habitats in terms of dissolved gases, nitrogen and phosphorus compounds, minerals, organic substances, pH, and bacteria.
Influence of che,mical factors
The appearance of ciliates on cloudy as well as sunny days and the lack of agreement of their trend with the sunlight trend (Figs. 3 and 5) fail to support Richards ' (1929) hypothesis that sunlight is an important factor in increasing ciliate numbers; rather, their distribution appears to confirm No-
The distribution of organisms in a body of water depends on a variety of factors: physical factors, inorganic nutrients (P, N, Ca, Na, dissolved gases, etc.), organic materials (acetate, amino acids), trace elements (Zn, Co, etc.), vitamins (particularly thiamin and Blz), and substances produced by organisms. Although only a few of the first two groups were measured in this survey, some inferences may be made about certain other factors.
Amount of phosphate is an important, factor in determining which phytoplankters may appear. Rodhe (1948) has grouped phytoplankton according to phosphate requirements: low, represented in this pond by chrysomonads ; medium, represented by Cryptomonas, Chlamydomonas, and diatoms; and high, represented by many euglenoids. This classification depends upon the "critical" concentration of 0.02 ppm of phosphate, which represents the maximum concentration that organisms of the first group can tolerate, and the minimal concentration that organisms of the third group require in order to reproduce. Organisms in the sccond group can grow in waters containing as little as 0.005 ppm of phosphate and also in waters containing several times this amount; hence the second group overlaps the other two. The utilization of phosphate within this range may depond upon other factors. For example, I'rovasoli and Pintner (1953) found that the amount of phosphate necessary to produce maximal growth of Cryptomonas ovata in culture depends upon the amount of magnesium sulphate present. Rodhe (1948) has shown that Asterionella jormosa requires one-hundred times more phosphate in culture than in nature to produce maximal growth, but that when the organism is transferred to (filtered) lake water, the addition of only one per cent of the in vitro phosphate requirement produces maximal growth. This striking discrcpancy in phosphate utilization suggests that natural waters contain one or more factors that facilitate the use of phosphate by phytoplankton.
Hence the phosphate need varies among phytoplankters, and some organisms have a narrow optimal phosphate range.
Growth factors may be very influential. The increase of winter phytomonads during a period of presumably low concentration of nutrients may bc due to their autotrophic nature. They are not (generally) dependent on growth factors or carbon sources other than carbon dioxide, in contrast to the auxotrophic cryptomonads and chr.ysomonads which preccdcd them. The heterotrophic tendencies of euglenoids restricts many of them to the warmer portions of the year, when decomposition processes furnish needed vitamins and organic compounds.
Degrees of sensitivity to concentrations might be seen in cryptomonads and chrysomonads, both described as "oligosaprobic" organisms. The chrysomonads exhibit low tolerance to phosphate and osmotic pressure, but the cryptomonads, while also requiring a dilute environment, must not be as sensitive, since they preceded chrysomonads in this pond, and also appeared in May and June during periods of high phosphate concentration.
Biotic substances Le Icevre ct al. (1952) on the basis of in vitro experiments with algae showed that phytoplankters can produce at least two kinds of sulbstances-those that enhance and those that inhibit growth, the latter being cithor auto-or hcteroantagonistic or both. Consequently the workers explained succession of species thus : under favorable conditions a species multiplies rapidly and eliminates the greater part of other organisms, save for a few specially resistant individuals; then the dominant species becomes inhibited by autoantagonism and declines; during the decline a favorable moment is reached for a previously inhibited species, which then prolifcratcs rapidly and succeeds the first species.
Rice (1954), on the basis of similar in vitro cxpcriments, showed that pond water that had supported (z Pandorina surge containcd a thermolabile substance inhibitory to Chlorella and Nitxchia.
Proctor (1957) isolated from plasmolyzing Chlamydomonas reinhardi cells a fatty acid inhibitory to Hematococcus.
The explanation of Le Fcvre et aZ. accounts for the sporadic individuals of species like Trachelmonas volvocina appearing in early spring and late autumn under conditions not typical of those enjoyed by the summer surges of the species. The low numbers of flagellates in March (Fig. 5 ) between winter and spring populations may be due to heteroantagonistic substances.
Observations on the winter phytomonads in this pond parallel those of Proctor.
He found that after a population of Chlamydomonas reached its peak, cells began to plasmolyzc and release a fatty acid. The appearance of predaceous ciliates in March and April after the peak of the phytomonad population parallels this phenomenon (Fig.  7) . This relation was also observed in the author's 1953-54 survey. Biotic substances might also explain the appearance of Urotricha toward the end of the winter Synura surge. (A conccntratcd sample of Synura gives 00 a noticeable odor of ripe cucumbers.) How are the predators informed of their prey?
The large Holophryidae appeared in this survey with the sudden increase of ammonia, an indication of decomposition processcs . These ciliates arc mainly bacteria and detritus feeders and their appearance may bc explained by the cxpcrimental work done on Colpoda. Thimann and Barker (1934) showed that a weak acid in plant tissues produces cxcystment in concentrations as dilute as a few parts per million; and Taylor and van Wagtendonk (1941) recorded that removal of bacteria caused encystment, but that organic solutes related to the cncystment process.
were
